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must be carefully controlled and the average size of the particles 
should be under 10 nm. These products are also known as me- 
tered-dose inhalers (MDIs). (See Inhalations.) Other aerosol 
sprays may contain particles up to several hundred micrometers 
in diameter. 

The basic components of an aerosol system are the container, 
the propellant, the concentrate containing the active ingredi- 
ents), the valve, and the actuator. The nature of these compo- 
nents determines such characteristics as particle size distribution, 
uniformity of valve delivery for metered valves, delivery rate, 
wetness and temperature of the spray, foam density, or fluid 
viscosity. 

Types off Aerosols 

Aerosols consist of two-phase (gas and liquid) or three-phase 
(gas, liquid, and solid or liquid) systems. The two-phase aerosol 
consists of a solution of active ingredients in liquefied propellant 
and the vaporized propellant. The solvent is composed of the 
propellant or a mixture of the propellant and co-solvents such as 
alcohol, propylene glycol, and polyethylene glycols, which are 
often used to enhance the solubility of the active ingredients. 

Three-phase systems consist of a suspension or emulsion of the 
active ingredient(s) in addition to the vaporized propellants. A 
suspension consists of the active ingredient(s) that may be dis- 
persed in the propellant system with the aid of suitable excipients 
such as wetting agents and/or solid carriers such as talc or col- 
loidal silicas. 

A foam aerosol is an emulsion containing one or more active 
ingredients, surfactants, aqueous or nonaqueous liquids, and the 
propellants. If the propellant is in the internal (discontinuous) 
phase (i.e., of the oil-in-water type), a stable foam is discharged; 
and if the propellant is in the external (continuous) phase (i.e., 
of the water-in-oil type), a spray or a quick-breaking foam is 
discharged. 

Propeilainiits 

The propellant supplies the necessary pressure within an aerosol 
system to expel material from the container and, in combination 
with other components, to convert the material into the desired 
physical form. Propellants may be broadly classified as liquefied 
or compressed gases having vapor pressures generally exceeding 
atmospheric pressure. Propellants within this definition include 
various hydrocarbons, especially fluorochloro-derivatives of meth- 
ane and ethane, low molecular weight hydrocarbons such as the 
butanes and pentanes, and compressed gases such as carbon diox- 
ide, nitrogen, and nitrous oxide. Mixtures of propellants are fre- 
quently used- to obtain desirable pressure, delivery, and spray 
characteristics. A good propellant system should have the proper 
vapor pressure characteristics consistent with the other aerosol 
components. 

Valves 

The primary function of the valve is to regulate the flow of 
the therapeutic agent and propellant from the container. The 
spray characteristics of the aerosol are influenced by orifice di- 
mension, number, and location. Most aerosol valves provide for 
continuous spray operation and are used on most topical products. 
However, pharmaceutical products for oral or nasal inhalation 
often utilize metered-dose valves that must deliver a uniform 
quantity of spray upon each valve activation. The accuracy and 
reproducibility of the doses delivered from metering valves are 
generally good, comparing favorably to the uniformity of solid 
dosage forms such as tablets and capsules. However, when aero- 
sol packages are stored improperly, or when they have not been 
used for long periods of time, valves must be primed before use. 
Materials used for the manufacture of valves should be inert to 
the formulations used. Plastic, rubber, aluminum, and stainless 
steel valve components are commonly used. Metered-dose valves 
must deliver an accurate dose within specified tolerances. 

Actuators 

An actuator is the fitting attached to an aerosol valve stem 
which, when depressed or moved, opens the valve, and directs 
the spray containing the drug preparation to the desired area. 
The actuator usually indicates the direction in which the prep- 




aration is dispensed and protects the hand or finger from the 
refrigerant effects of the propellant. Actuators incorporate an 
orifice which may vary widely in size and shape. The size of this 
orifice, the expansion chamber design, and the nature of the 
propellant and formulation influence the physical characteristics 
of the spray, foam, or stream of solid particles dispensed. For 
inhalation or oral dose aerosols, an actuator capable of delivering 
the medication in the proper particle size range is utilized. 

Containers 

Aerosol containers usually are made of glass, plastic, or metal, 
or a combination of these materials. Glass containers must be 
precisely engineered to provide the maximum in pressure safety 
and impact resistance. Plastics may be employed to coat glass 
containers for improved safety characteristics, or to coat metal 
containers to improve corrosion resistance and enhance stability 
of the formulation. Suitable metals include stainless steel, alu- 
minum, and tin-plated steel. 

Manufacture 

Aerosols are usually prepared by one of two general processes. 
In the "cold-fill" process, the concentrate (generally cooled to a 
temperature below 0°) and the refrigerated propellant are mea- 
sured into open containers (usually chilled). The valve-actuator 
assembly is then crimped onto the container to form a pressure- 
tight seal. During the interval between propellant addition and 
crimping, sufficient volatilization of propellant occurs to displace 
air from the container. In the "pressure-fill" method, the con- 
centrate is placed in the container, and either the propellant is 
forced under pressure through the valve orifice after the valve is 
sealed, or the propellant is allowed to flow under the valve cap 
and then the valve assembly is sealed ("under-the-cap" filling). 
In both cases of the "pressure-fill" method, provision must be 
made for evacuation of air by means of vacuum or displacement 
with a small amount of propellant. Manufacturing process con- 
trols usually include monitoring of proper formulation and pro- 
pellant fill weight, and pressure testing and leak testing of the 
finished aerosol. 

Labeling 

Medicinal aerosols should contain at least the following warn- 
ing information on the label as in accordance with appropriate 
regulations. . 

Warning — Avoid inhaling. Keep away from eyes or other mu- 
cous membranes. 

Note— The statement "Avoid inhaling" is not necessary fo r 
preparations specifically designed for use by inhalation. The 
phrase "or other mucous membranes" is not necessary for prep- 
arations specifically designed for use on mucous membranes. 

Warning — Contents under pressure. Do not puncture or in- 
cinerate container. Do not expose to heat or store at temperatures 
above 120° F (49° C). Keep out of reach of children. 

In addition to the aforementioned warnings, the label of a drug 
packaged in an aerosol container in which the propellant consists 
in whole or in part of a halocarbon or hydrocarbon shall, where 
required under regulations of the FDA, bear either of the folio*' 
ing warnings: 

Warning — Do not inhale directly; deliberate inhalation of con- 
tents can cause death. ( .u 

Warning— Use only as directed; intentional misuse by den 
erately concentrating and inhaling the contents can be harm* 
or fatal. 



CAPSULES 
Capsules are solid dosage forms in which the drug is enp l°*j c 
within either a hard or soft soluble container or "shell, 
shells are usually formed from gelatin; however, they also n 
be made from starch or other suitable substances. Hard . c j, 
capsule sizes range from No. 5, the smallest, to No. 9 00 'xjo 00 
is the largest, except for veterinary sizes. However, size r* * d 
generally is the largest size acceptable to patients. Size u ^ 
gelatin capsules having an elongated body (known as f l fz ni a n 
also are available, which provide greater fill capacity w ith ° 
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increase in diameter. Hard gelatin capsules consist of two, te- 
lescoping cap and body pieces. Generally, there are unique grooves 
or indentations molded into the cap and body portions to provide 
a positive closure when fully engaged, which helps prevent the 
accidental separation of the filled capsules during shipping and 
handling. Positive closure also may be affected by spot fusion 
("welding") of the cap and body pieces together through direct 
thermal means or by application of ultrasonic energy. Factory- 
filled hard gelatin capsules may be completely sealed by banding, 
a process in which one or more layers of gelatin are applied over 
the seam of the cap and body, or by a liquid fusion process 
wherein the filled capsules are wetted with a hydroalcoholic so- 
lution that penetrates into the space where the cap overlaps the 
body, and then dried. Hard shell capsules made from starch 
consist of two, fitted cap and body pieces. Since the two pieces 
do not telescope or interlock positively, they are sealed together 
at the time of filling to prevent their separation. Starch capsules 
are sealed by the application of a hydroalcoholic solution to the 
recessed section of the cap immediately prior to its being placed 
onto the body. 

The banding of hard shell gelatin capsules or the liquid sealing 
of hard shell starch capsules enhances consumer safety by making 
the capsules difficult to open without causing visible, obvious 
damage, and may improve the stability of contents by limiting 
0 2 penetration. Industrially filled hard shell capsules also are 
often of distinctive color and shape or are otherwise marked to 
identify them with the manufacturer. Additionally, such capsules 
may be printed axially or radially with strengths, product codes, 
etc. Pharmaceutical grade printing inks are usually based on 
shellac and employ FDA-approved pigments and lake dyes. 

In extemporaneous prescription practice, hard shell capsules 
may be hand-filled; this permits the prescriber a latitude of choice 
in selecting either a single drug or a combination of drugs at the 
exact dosage level considered best for the individual patient. This 
flexibility gives hard shell capsules an advantage over compressed 
tablets and soft shell capsules as a dosage form. Hard shell cap- 
sules are usually formed from gelatins having relatively high gel 
strength. Either type may be used, but blends of pork skin and 
bone gelatin are often used to optimize shell clarity and toughness. 
Hard shell capsules also may be formed from starch or other 
suitable substances. Hard shell capsules may also contain color- 
ants, such as D&C and FD&C dyes or the various iron oxides, 
opaquing agents such as titanium dioxide, dispersing agents, hard- 
ening agents such as sucrose, and preservatives. They normally 
contain between 10% and 15% water. 

Hard gelatin capsules are made by a process that involves 
dipping shaped pins into gelatin solutions, after which the gelatin 
films are dried, trimmed, and removed from the pins, and the 
body and cap pieces are joined. Starch capsules are made by 
injection molding a mixture of starch and water, after which the 
capsules are dried. A separate mold is used for caps and bodies, 
and the two parts are supplied separately. The empty capsules 
should be stored in tight containers until they are filled. Since 
gelatin is of animal origin and starch is of vegetable origin, cap- 
sules made with these materials should be protected from poten- 
tial sources or microbial contamination. 

Hard shell capsules typically are filled with powder, beads, or 
granules. Inert sugar beads (nonpareils) may be coated with ac- 
tive ingredients and coating compositions that provide extended- 
release profiles or enteric properties. Alternatively, larger dose 
active ingredients themselves may be suitably formed into pellets 
and then coated. Semisolids or liquids also may be filled into 
hard shell capsules; however, when the latter are encapsulated, 
one of the sealing techniques must be employed to prevent leak- 
age. 

In hard gelatin capsule filling operations, the body and cap of 
the shell are separated prior to dosing. In hard starch shell filling 
operations, the bodies and caps are supplied separately and are 
fed into separate hoppers of the filling machine. Machines em- 
ploying various dosing principles may be employed to fill powders 
into hard shell capsules; however, most fully automatic machines 
iorm powder plugs by compression and eject them into empty 
4 capsule bodies. Accessories to these machines generally are avail- 
* ^ b ' e ^rjhe other types of fills. Powder formulations often require 
, jading fillers, lubricants, and glidants to the active ingredients 
■ S hp c enca P sulation - The formulation, as well as the method 
1 tL 8 ' Particularly the degree of compaction, may influence 
j ™ rate of drug release. The addition of wetting agents to the 
' Wler mass is common where the active ingredient is hydro- 



phobic. Disintegrants also may be included in powder formula^^ 
tions to facilitate deaggregation and dispersal of capsule plugs iiM^ 
the gut. Powder formulations often may be produced by dr&P 
blending; however, bulky formulations may require densificatioK^) 
by roll compaction or other suitable granulation techniques. 

Powder mixtures that tend to liquefy may be dispensed in harcfe^, 
shell capsules if an absorbent such as magnesium carbonate, col-c^T 
loidal silicon dioxide, or other suitable substance is used. Potent^ 
drugs are often mixed with an inert diluent before being filledfQ) 
into capsules. Where two mutually incompatible drugs are pre- S° 
scribed together, it is sometimes possible to place one in a small^T 
capsule and then enclose it with the second drug in a largerL2s 
capsule. Incompatible drugs also can be separated by placing fifT 
coated pellets or tablets, or soft shell capsules of one drug into^= 
the capsule shell before adding the second drug. (fi[J) 

Thixotropic semisolids may be formed by gelling liquid drugs 
or vehicles with colloidal silicas or powdered high molecular weight /f^\ 
polyethylene glycols. Various waxy or fatty compounds may be ^ 1) 
used to prepare semisolid matrices by fusion. (f^J) 
Soft shell capsules made from gelatin (sometimes called soft-c^S 
gels) or other suitable material require large-scale production 
methods. The soft gelatin shell is somewhat thicker than that of^^ 
hard shell capsules and may be plasticized by the addition of a 
polyol such as sorbitol or glycerin. The ratio of dry plasticizer 
to dry gelatin determines the "hardness" of the shell and may 
be varied to accommodate environmental conditions as well as 
the nature of the contents. Like hard shells, the shell composition 
may include approved dyes and pigments, opaquing agents such 
as titanium dioxide, and preservatives. Flavors may be added 
and up to 5% sucrose may be included for its sweetness and to 
produce a chewable shell. Soft gelatin shells normally contain 
6% to 13% water. Soft shell capsules also may be printed with 
a product code, strength, etc. In most cases, soft shell capsules 
are filled with liquid contents. Typically, active ingredients are 
dissolved or suspended in a liquid vehicle. Classically, an olea- 
ginous vehicle such as a vegetable oil was used; however, non- 
aqueous, water-miscible liquid vehicles such as the lower molec- 
ular weight polyethylene glycols are more common today due to 
fewer bioavailability problems. 

Available in a wide variety of sizes and shapes, soft shell cap- 
sules are both formed, filled, and sealed in the same machine; 
typically, this is a rotary die process, although a plate process or 
reciprocating die process also may be employed. Soft shell cap- 
sules also may be manufactured in a bubble process that forms 
seamless spherical capsules. With suitable equipment, powders 
and other dry solids also may be filled into soft shell capsules. 

Liquid-filled capsules of either type involve similar formulation 
technology and offer similar advantages and limitations. For in- 
stance, both may offer advantages over dry-filled capsules and 
tablets in content uniformity and drug dissolution. Greater ho- 
mogeneity is possible in liquid systems, and liquids can be me- 
tered more accurately. Drug dissolution may benefit because the 
drug may already be in solution or at least suspended in a hy- 
drophilic vehicle. However, the contact between the hard or soft 
shell and its liquid content is more intimate than exists with dry- 
filled capsules, and this may enhance the chances for undesired 
interactions. The liquid nature of capsule contents presents dif- 
ferent technological problems than dry-filled capsules in regard 
to disintegration and dissolution testing. From formulation, tech- 
nological, and biopharmaceutical points of view, liquid-filled cap- 
sules of either type have more in common than liquid-filled and 
dry-filled capsules having the same shell composition. Thus, for 
compendial purposes, standards and methods should be estab- 
lished based on capsule contents rather than on whether the con- 
tents are filled into hard or soft shell capsules. 



ENTERIC-COATED CAPSULES 

Capsules may be coated, or, more commonly, encapsulated 
granules may be coated to resist releasing the drug in the gastric 
fluid of the stomach where a delay is important to alleviate po- 
tential problems of drug inactivation or gastric mucosal irritation 
The term "delayed-release" is used for Pharmacopeial mono- 
graphs on enteric-coated capsules that are intended to delay the 
release of medicament until the capsule has passed through the 
stomach, and the individual monographs include tests and spec- 
ifications for Drug release (see Drug Release (724)). 



